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Abstract: High sensitivity of qPCR assay can be compromised by the presence of PCR inhibitors in samples 

analyzed. The aim of this study was to analyze the RT-qPCR assay efficiency considering the RNA 

quality/quantity and the presence of PCR inhibitors in patients with chemotherapy and/or antibiotic therapy. 

We analyzed 60 samples using RT-qPCR from individuals suspected of leukemia and 44 samples were 

quantified by fluorimetry and spectrophotometry. The efficiency of the RT-qPCR assay was evaluated 

comparing the threshold cycle (Ct) from tested samples and the standard curve. The 260/280 and 260/230 

ratios, the presence of PCR inhibitors and the amount of sample (ng) used in the RT-qPCR reaction can be 

associated with 56.8% (R²=0.56, p<0.05) in the Ct obtained. The decrease of the RT-qPCR efficiency can be 

explained in 42,8% due to the variation of the 260/280 ratio (R²=0.42,p<0.05). The presence of antibiotics in 

the blood sample can be associated in 11.3% with the variability of 260/280 ratio (R²=0.11,p<0.05). Presence 

of chemotherapeutic drugs in the blood sample was not correlated with Ct variation (p=0.17). The 

spectrophotometer determines a RNA quantification with 2.2 times higher than the fluorimeter (t=2.2, p=0,03) 

and this difference is correlated with the 260/280 ratio (R²=0.36, p<0.05). Samples with low purity had a 

reduction in the qPCR efficiency, although we did not observe false results. 

Keywords: polymerase chain reaction/methods; Nucleic Acid synthesis inhibitors; RT-qPCR; fluorimetry; 

spectrophotometry. 

 

HIGHLIGHTS 
 

 RT-qPCR efficiency can vary according to 260/280 ratio of samples analyzed. 

 Chemotherapeutic drugs in the blood sample was not correlated with Ct variation (qPCR).  

 The spectrophotometer determines a RNA quantification with 2.2 times higher than the fluorimeter. 

  Antibiotics in the blood sample can be associated in 11.3% with the variability of 260/280 ratio. 
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INTRODUCTION 

Molecular diagnostics has shown great advances and an emergent growth [1]. Polymerase Chain 

Reaction (PCR) provided a great advance in the Molecular Biology field and the evolution to the quantitative 

PCR (qPCR) made the genetic researches and diagnostics easier and faster [2]. As qPCR assay has high 

sensitivity, the correct purification of nucleic acids is essential to obtain a sample without PCR inhibitors. The 

presence of PCR inhibitors may compromise the DNA polymerase enzyme efficiency as well as the primers 

hybridization [3] during the PCR reaction. Samples analyzed by molecular methods must be quantified and 

qualified before the PCR reaction, because the PCR step is more expensive than DNA/RNA extraction step. 

Nucleic acids can be quantified by two techniques, spectrophotometry and fluorimetry [4]. The 

spectrophotometry is able to quantify and qualify the samples, using the absorbance detected in different 

wavelengths. Fluorimetry is based on the detection of target-specific fluorescence, this integrated system is 

more sensitive than UV absorbance–based quantification [5]. The determination of correct concentrations in 

nanograms and the purity of samples investigated are important to reduce bias, costs and to increase the 

reliability of molecular diagnosis [6]. The aim of this study was to analyze the RT-qPCR assay efficiency used 

in molecular diagnosis in patients suspected of leukemia with chemotherapy and/or antibiotic therapy, 

considering the RNA quality, quantity and the presence of PCR inhibitors. Two measuring tools of nucleic 

acids quantity, as fluorimetry and spectrophotometry, were applied and had the results compared. 

MATERIAL AND METHODS  

All 60 participants came from the Hematology outpatient of the Cancer Hospital of Muriaé city, in Minas 

Gerais state. All patients were suspected of having leukemia. This project is approved by the Ethics 

Committee CEP - FAMINAS with CAAE: 62262316.7.0000.5105. The inclusion criterias were: individual with 

suspected leukemia based on their symptoms, indication of Leukemia genetic test and individuals older than 

18 years. Two tubes of EDTA with peripheral blood were collected (3 mL), followed by RNA extraction using 

PureLink® Total RNA Blood Purification Kit and the RNA conversion to cDNA with the SuperScript IV Vilo 

Master Mix enzyme (Thermo Fisher Scientific). In 60 RNA samples analyzed, 44 were quantified using two 

equipments, the Qubit 3.0 Fluorometer® and Nanodrop One®. The efficiency of the RT-qPCR technique was 

evaluated comparing the Ct value of tested samples (considering the amount of nucleic acid inserted in the 

PCR reaction) with the Ct value obtained from a standard curve. Standard curve was constructed with a 

reference sample, without inhibitors, in different points of RNA: 50, 45, 40, 35, 30, 25 and 20 ng/assay. Each 

point was made in duplicate and the target was the ABL1 constitutive gene (validated with HL60 lineage 

cells). It is important to mention that Ct deviation is the difference of Ct between the samples and the standard 

curve and Ct variation is only the value obtained from qPCR reactions. For RT-qPCR analysis, TaqMan 

hydrolysis probes were used for detection the ABL1 constitutive gene (Hs99999002_mH, from Thermo Fisher 

Scientific). Our study considered only the ABL1 gene to avoid any interference of the presence of the (9:22) 

translocation in positive samples. A known sample, HL60 lineage, kindly ceded by UNICAMP, was used to 

validate the ABL assay and the standard curve was performed. The following qPCR cycle used was: 1 cycle 

of 95°C for 20 seconds (Hold Stage) and 40 cycles of 95°C for 1 second and 60°C for 20 seconds (PCR 

Stage). Before analyze the samples, a sensitivity test was performed in the both equipments used to RNA 

quantification. A 5-point dilution (4:6) of a known sample, without PCR inhibitors, was tested. The difference 

between the Ct value of samples tested and the Ct values observed in the standard curve was used to 

suggest the efficiency of qPCR according to Stolovitzky, (1996) [7]. According to Svec and coauthors, the 

standard curve with 1:10 dilution had usually 3 cycles of difference between the points, and a high Ct deviation 

must be investigated. The ability to estimate the Ct values associated with the amount of nucleic acids used 

(ng/assay) is presented by factor (R2) [8] and the prediction value (R2) reduces when the efficiency of the 

qPCR reaction also decreases. We considered as PCR inhibitors when patients were using hormones [9,10], 

metabolites [11,12] and anticoagulant substances for treatment [11] in the same moment of the blood 

collection to diagnostic test. The information about the PCR inhibitors and the drugs used in patients were 

obtained from the Medical Reports in our hospital. Chemotherapeutic drugs analyzed were splited in Hydrea® 

and Tyrosine Kinase Inhibitors (TKIs®), as Imatinib®, Dasatinib® and Nilotinib®. The antibiotics were not 

splited in groups, we specified only the presence of them. Hydrea® and Imatinib® were also analyzed by 

spectrophotometry and by fluorimetry with similar concentrations observed in the plasma of patients treated. 

The drugs were diluted in deionized water according to the daily dosage used in the patients. Hydrea® (500 

mg) and Imatinib® (400 mg) were firstly diluted in 500 mL. Then, a second dilution was done (1:10) getting 

a final concentration of 0.1 mg/mL of Hydrea® and 0.08 mg/mL of Imatinib®. We also investigated the 
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presence of residual genomic DNA after the RNA extraction from 31 randomly selected samples. To analyze 

the residual DNA we quantified these samples by fluorimetry using the Qubit ™ dsDNA HS Assay Kit (Thermo 

Fisher Scientific). Data were analyzed with IBM SPSS Statistics program (version 17). Values of p <0.05 

were considered statistically significant. The normality test was performed with Shapiro Wilk. For the 

correlation of possible PCR inhibitors and the qPCR efficiency, we used the Spearman's rho and Multiple 

regression tests. For the comparison between the results obtained from two techniques to quantify the RNA, 

the t-test of paired samples was applied. 

RESULTS 

Peripheral blood samples were obtained from 60 suspected leukemia patients living in Minas Gerais 

state, Brazil, from the Cancer Hospital in Muriaé city. To analyze the sensitivity of the equipments used in 

this study we analyzed a RNA reference sample in five dilution points by fluorimetry and by 

spectrophotometry. To predict a standard curve of quantification with high sensitivity in each equipment we 

used the first point measured of sample. Then, the values between the measured RNA quantity and the 

expected quantity (predicted in standard curve) were compared to obtain the sensitivity of each technique 

(Figure 1). 

 

 
Figure 1. Difference between the real RNA quantification and the expected measure. (a) Spectrophotometry sensitivity 
test; (b) Fluorimetry sensitivity test. 

In both techniques, spectrophotometry and fluorimetry, were similar with 99% (p <0.05) when had the 

predicted and measured RNA quantity compared. RNA samples (n=44) had a median of 77.47 ng/μL 

(Minimum: 12.55, Maximum: 433.64) by spectrophotometry, and 72.55 ng/μL (Min.: 4.26, Max.: 494) by 

fluorimetry. The 260/280 ratio had a median of 2.02 (Min.: 1.81, Max: 2.10) and 260/230 ratio had a median 

of 1.83 (Min.: 0.43, Max.: 2.22). The spectrophotometry estimates the RNA quantity with two times higher 

than fluorimetry (t = 2.2, p = 0.03). The difference observed between fluorimetry and spectrophotometry can 

be inversely correlated in 36.1% with the 260/280 ratio of samples (R² = -0.361, p = 0.008). The standard 

curve with a known sample was used as reference parameter to analyze the qPCR efficiency of samples 

tested (Figure 2) when the Ct are compared. 
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Figure 2. Standard curve with a known sample without PCR inhibitors in 7 points. 

Regarding the 60 samples investigated, 32 patients were using chemotherapeutics drugs, 23 of them 

(71,9%) using Hydrea® and nine were using (28,1%) TKIs® when the blood was collected (Figure 3). 

 

Figure 3. Substances present in the samples during blood collection. 

The Ct observed in the samples analyzed, considering the RNA amount and the presence of drugs 

and/or PCR inhibitors, were compared with the Ct of the standard curve (Figures 4 A, B, C, D, E, F, G) to 

determine the Ct deviation. The patient that used chemotherapeutic drug, antibiotic and had PCR inhibitors 

in sample, in the same moment, was excluded of the statistical analysis (n=1). 
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Figure 4. Correlation between Ct variation and the amount of samples (ng/assay) with chemotherapeutic drugs, 
antibiotics and PCR inhibitors at the time of blood collection and the standard curve used as reference. (a) 
Chemotherapeutic drugs, (b) PCR inhibitors, (c) Antibiotics, (d) Chemotherapeutic drugs and PCR inhibitors, (e) 
Antibiotics and chemotherapeutic drugs, (f) Antibiotics and PCR inhibitors, (g) Pure sample. 

The presence of antibiotics in the blood sample can be slightly associated in 11.3% with the variability of 

260/280 ratio (R² = 0.11 p<0.05). And the decrease of the RT-qPCR efficiency (Ct deviation) can be explained 

in 42,8% due to the variation of the 260/280 ratio (R² = 0.42, p<0.05). The Ct variation of the samples was 

associated with the amount of sample inserted in the PCR reaction in 54.6% (R² = 0.54, p<0.05). When this 

same analysis was carried out with the variables: presence PCR inhibitors and 260/280 and 260/230 ratios 

jointly, the association was 56,8% (R²= 0.56, p<0.05). The presence of chemotherapeutic drugs in the blood 

sample was not correlated with Ct variation (p=0.17). PCR inhibitors present in the blood of the patients 

during blood collection and showed no correlation with the Ct deviation of the standard curve (p= 0.5). 

Hydrea® and Imatinib® were analyzed by spectrophotometry in RNA mode. At least one of the three 

wavelengths used to calculate the 260/280 and 260/230 ratios, were also observed to detect the presence 

of these drugs (Figure 5). 
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Figure 5. Hydrea® (0.1mg / mL) (A) and Imatinib (0.08mg/mL) (B) analyzed by spectrophotometry. 

Imatinib® was analyzed by spectrophotometry at two different concentrations (0.8 and 0.08 mg/mL), and 

the RNA quantity observed were 1496.5 ng/μL and 12.04 respectively. Hydrea® did not show any RNA 

quantity (Table 1). Imatinib® and Hydrea® were also quantified by fluorimetry with an RNAspecific kit, 

however, Hydrea® showed no quantification at any concentration. Imatinib® in the first dilution quantified 2.1 

ng/μL of RNA (Table 1). It is important to mention that no RNA molecule was inserted in these samples 

analyzed.  

Table 1. RNA Quantification of chemotherapeutic drugs by spectrophotometry.  

Quantification of chemotherapy drugs with Nanodrop and Qubit 

Dilution of chemotherapy drugs 

Nanodrop  

Qubit  Concentration (ng 
/µL) 

 260/280 260/230 

Hydrea (1 mg/mL)   0.135 -1.825 0.068 0 

Hydrea (0,1 mg/mL)   -0.573 1.228 -0.549 0 

Imatinib (0,8 mg/mL) 1.496.552 1.226 1.118 2.1 

Imatinib (0,08 mg/mL) 12.049 1.388 1.162 0 

 

To verify the purity of RNA isolated, we investigated by fluorimetry the presence of residual DNA in 31 

RNA samples after the extraction process. We observed residual DNA with an average of 20,51±12,49 ng/μL 

in our RNA samples (Table 2). And the difference between the quantification determined by fluorimetry and 

spectrophotometry in these 31 samples had an average of 10,23±27,11 ng/μL. 
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Table 2. Residual DNA determined in samples with RNA extracted (n=31). 

Samples 
Nanodrop 

(ng/µL) 
260/280 260/230 

Qubit 
(ng/µL) 

Difference 
between 

Nanodrop and 
Qubit (ng/µL) 

Residual DNA 
in RNA 

samples 

002.1 R 264,09 2,03 1,88 174 90,09 13,3 

005.2 R 137,62 2 2,04 136 1,62 8,42 

007.1 R 51,74 1,94 1,91 38,8 12,94 22,9 

008.2 R 46,28 1,96 1,51 28,4 17,88 20,5 

009.2 R 77,82 2,02 1,79 77 0,82 9,72 

010.2 R 70,14 1,96 1,84 51,3 18,84 22,2 

013.2 R 226,91 2,04 2,11 251 -24,09 25 

014.3 R 216,53 2,06 2,12 150 66,53 9,77 

015.1 R 433,64 2,09 1,94 452 -18,36 8,99 

016.1 R 32,48 1,92 1,64 12,1 20,38 35,1 

017.1 R 53,38 1,97 1,34 50,5 2,88 13,4 

019.1 R 50,87 2,03 1,81 62,3 -11,44 12,7 

020.1 R 98,86 2,05 2,08 111 -12,14 10,1 

021.2 R 138 2,05 1,3 145 -7 12,5 

023.1 R 308,25 2,05 2,08 382 -73,75 10,1 

026.1 R 316 2 2 306 10 54 

027.1 R 87,01 2,01 1,62 72,4 14,61 20,2 

029.1 R 127,76 1,99 1,34 118 9,76 42,9 

031.1 R 56,94 1,86 1,81 10,4 46,54 0 

033.1 R 165,83 2,05 2,04 160 5,83 36,5 

034.1 R 77,13 1,97 1,78 55 22,13 33 

035.2 R 49,22 1,95 1,5 36,3 12,92 8,19 

036.2 R 55,99 1,99 1,88 37,2 18,79 27,1 

037.2 R 24,01 1,88 1,7 9,94 14,07 19,2 

039.2 R 83,12 2,04 1,18 73 10,12 26,8 

040.2 R 68,7 2,04 1,97 55 13,7 23,1 

041.2 R 219,99 2,06 2 203 16,99 38,1 

042.1 R 66,25 1,97 1,88 49,9 16,35 25,8 

043.1 R 58,52 2,1 1,44 54 4,52 12,9 

044.1 R 12,55 1,85 0,93 5 7,55 3,29 

045.1 R 160,26 2,04 2,14 152 8,26 30,3 

Mean 123,7 2,0 1,8 113,5 10,23 20,51 

DISCUSSION 

The high quality of samples before the genetic analysis is important to obtain a reliable result [4]. The 

presence of PCR inhibitors in samples may result in decreased sensitivity or even false negative results [3]. 

Our RNA samples had high quality as 260/280 ratio with average of 2 and 260/230 with 1.8 [13]. When the 

260/280 ratio is low it may indicate the presence of phenol, proteins and other contaminants that absorb 

mainly at 280 nm in the spectrophotometry. The 260/230 ratio usually ranges from 1.8 and 2.2 for RNA, and 

low values may indicate the presence of ethanol. O`Neill and coauthors [5] reported that Qubit® is a reference 

quantification method in genetic studies, since it provides more accurate results than spectrophotometry 

because it can be specific to determine RNA, DNA and proteins using different kits. However, fluorimetry 

does not provide the quality of nucleic acids as well as spectrophotometry. According to the Nanodrop 

equipment user guide [13], it is able to detect RNA samples with a range of 1.6 ng/ μL to 22,000 ng/ μL. In 

this study, only one sample had the quantification higher when analyzed by fluorimetry when compared with 

the value observed by spectrophotometry [14]. Haque and coauthors [6] compared the quantification of DNA 
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samples by spectrophotometry and two fluorometric quantification methods, as PicoGreen® and qPCR, and 

observed that the performance of spectrophotometric DNA quantification was the most concordant with 

reference samples among the three methods evaluated. Ponti and coauthors [15] concluded that the 

combination of fluorimetry and spectrophotometry routinely would be ideal. The fluorimetry is more accurate 

in quantification of samples and the spectrophotometry can qualify the samples showing the presence of 

PCR inhibitors. In our study the samples analyzed by spectrophotometry were quantified with 2 times more 

than fluorimetry (t=2,2; p= 0,03). The chemotherapeutic drugs Hydrea® and TKIs® are used in patients with 

suspected and leukemia patients, respectively [16]. Therefore, for the correct molecular diagnosis of these 

patients, it is necessary to analyze these drugs as possible interferers in the quality of the sample used in 

RT-qPCR assay. The presence of PCR inhibitors, 260/280 and 260/230 ratios and the amount of sample 

(ng) used in qPCR reaction can be associated with 56.8% (R² = 0.56, p<0.05) in the Ct variation. Some PCR 

inhibitors present in clinical samples (blood, plasma and serum) have already been described, such as: 

hemoglobin, hormones, bile salts, anticoagulants, IgG, lactoferrin, urea, among others [9-12]. In a literature 

review conducted in this study, no study was found reporting antibiotics or chemotherapeutic drugs as 

possible interferers of the quality RNA extracted samples and consequently of the qPCR efficiency. The 

estimation of qPCR efficiency can be performed by means of a standard curve with samples at different 

dilutions with a known and without inhibitors sample. To evaluate qPCR efficiency, a slope with -3.33 cycles 

[8] is expected at each 10-fold dilution of the standard curve. The 260/280 ratio was associated to the Ct 

deviation (R² = 0.42, p<0.05). The presence of antibiotics in the blood sample can be associated in 11.3% 

with the variability of 260/280 ratio (R² = 0.11 p<0.05). The presence of phenol, proteins or other possible 

substances that alter this factor may inhibit the PCR technique. PCR inhibitors described by Schrader and 

coauthors [3] are present in the blood of the patients during blood collection and showed no correlation with 

the Ct deviation of the standard curve (p = 0.5). Imatinib absorbance showed peaks at 200 nm and from 250 

to 280 nm, the same range used to qualify and quantify DNA/RNA samples (230, 260 and 280 nm). Another 

study that also analyzed the absorbance of this drug, observed a similar absorption spectrum, with detection 

at 200, 250 and 270 nm [17]. Hanna and Gairani [18] also analyzed the absorption spectrum of Imatinib® 

mesylate and identified that the highest absorbance point of the drug was between 260 and 270 nm. There 

is a greater specificity of the method of quantification by fluorimetry than by spectrophotometry [5]. After 

extracting DNA from human tissue, Simbolo and coauthors (2013) identified the presence of residual RNA 

and 260/230 ratio abnormal [14]. Our study observed 20,51±12,49 ng/μL of residual DNA in RNA extracted 

samples and the difference of the quantity obtained by Nanodrop and Qubit was 10,23±27,11 ng/μL. The 

RNA extraction kit can extract genomic DNA (gDNA) and not only RNA (target molecule) from the samples. 

SEE and coauthors [19] compared four RNA extraction and all of them presented gDNA in the extracted 

samples and a DNase I endonuclease was used to remove DNA of samples. Although DNase removes 

gDNA, there is a risk of degradation of the target molecule, RNA. Tesena and coauthors [20] also identified 

the presence of gDNA in all three methods of extracting RNA from gastric tumor tissue (TRIzol ™, GENEzol 

™ and MiniPrep ™). However, the TRIzol ™ method demonstrated large amounts of gDNA and protein 

contamination, and the amount of RNA was not sufficient for the achievement of RT-qPCR. Additional 

washing steps were required to remove these contaminants to obtain a clean PCR reaction. Accordingly 

Terry and coauthors [21] the nucleic acid extraction kit removes all qPCR interferents, such as: inhibitors of 

the technique and the contamination of RNA or DNA, leaving the isolated molecule intact, pure and with a 

concentration of the ideal material for the analysis. The chemotherapeutic drugs, antibiotics and PCR 

inhibitors present in the analyzed samples should be also removed after extraction of the genetic material. 

The efficiency of PCR is extremely important in the diagnosis of patients, since when affected, it can directly 

impact the correct diagnosis of them. For a high efficiency of the technique, some factors such as sample 

purity, primer characteristics and amplicon lengths should also be taken into account [22]. PCR inhibitors and 

inadequate quantification of the samples to be analyzed can have a direct impact on the diagnosis, prognosis, 

treatment and quality of life of the patients, since these inhibitors can lead to false results [6,3] and higher 

costs. To perform the molecular diagnosis, it is necessary to validate the three steps: preanalytical, analytical 

and post-analytic. About 70% of analytical errors reflect in the pre-analytical phase, although it is the cheapest 

step, such as blood collection and sample preparation for analysis [23]. Many studies focus on analytical 

errors in molecular diagnosis, however, preanalytical variables such as storage, transport, stability and 

extraction of genetic material have great impacts on any molecular diagnosis [24].  
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CONCLUSION 

To obtain a reliable diagnosis is extremely important that the target molecule is pure, without PCR 

inhibitors and accurate quantification of genetic material for analysis. In addition, the misdiagnosis of these 

patients will directly influence their treatment, prognosis and quality of life. The difference between the two 

quantification methods, spectrophotometry and fluorometry, can be explained by the variation of the factor 

260/280 purity and the presence of residual DNA in the purified RNA samples. The fluorimetry showed 

greater sensitivity in the quantification of RNA samples when compared to the spectrophotometry. The 

presence of PCR inhibitors, 260/280 and 260/230 ratios and RNA quantity in nanograms/assay can explain 

the Ct variation. The presence of Imatinib in the samples can interfere in the qualification/quantification of 

samples when analyzed by spectrophotometry. In this study, the presence of antibiotics in the blood can be 

associated with the variability of 260/280 ratio, but not with the RT-qPCR efficiency (Ct deviation). The 

presence of chemotherapeutic drugs in the samples was not correlated with Ct variation. According to the 

validation process of each laboratory, a reliable interval of Ct must be determined to confirm the results as 

positive or negative. Therefore, the samples must be pure and without contaminants. It is important to know 

which substances can interfere in the diagnostic results. 
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